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ABSTRACT 

Mixed s tocks  of sockeye salmon (Oncorhynchus nerka) harvested i n  t h e  1983 
D i s t r i c t  111 g i l l n e t  f i s h e r y  were a l l o c a t e d  t o  t h e  Taku R i v e r  and P o r t  
Snett isham dra inages us ing  1 i near d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s  of  sca le  
p a t t e r n s  and age composi t ion data.  Accuracies o f  c l a s s i f i c a t i o n  models f o r  
four  age c lasses (age 1.2, 1.3, 2.2, and 2.3) ranged between 90.1% and 
97.3%. Approx imate ly  75% (23,892 f i s h )  o f  t h e  D i s t r i c t  111 ha rves t  o f  
31,627 sockeye salmon were bound f o r  t he  Taku R iver .  The t o t a l  r e t u r n  of 
P o r t  Snett isham s tocks  was es t imated  t o  be 37,641 sockeye salmon, of which 
7,735 (20.6%) were taken i n  t h e  D i s t r i c t  111 f i shery .  

KEY WORDS: sockeye salmon, (Oncorhynchus nerka), s tock  separat ion,  l i n e a r  
d i s c r i m i n a n t  f u n c t i o n  ana l ys i s .  



INTRODUCTION 

The D i s t r i c t  111 g i l l  n e t  f i s h e r y  operates i n  Southeastern Alaska near Juneau 
i n  those waters o f  Stephens Passage nor th  of a  l i n e  from Po in t  League t o  P t .  
Hugh, and south and eas t  o f  a  l i n e  from a  p o i n t  a t  58°12'20" N l a t i t u d e ,  
134O10' W longitude, t o  Po in t  Arden (F igure  1) .  The f i she ry  t y p i c a l l y  i s  
managed f o r  sockeye salmon from i t s  opening i n  mid-June through mid-August, 
a f t e r  which t ime sockeye salmon catches a r e  minimal and the f l e e t  concen- 
t r a t e s  on coho and f a l l  chum salmon. The average annual harvest  o f  sockeye 
salmon dur ing  the  per iod  1962 t o  1982 was 54,886 f i sh ,  ranging from 17,735 
t o  123,081 f i s h .  Sockeye salmon harvested i n  D i s t r i c t  111 o r i g i n a t e  from 
drainages t h a t  empty i n t o  Taku I n l e t  and P o r t  Snettisham (F igure  2) .  The 
vas t  m a j o r i t y  o f  the  sockeye salmon r e t u r n  t o  the  Taku R iver  i s  bound f o r  
spawning s i t e s  i n  Western B r i t i s h  Columbia, Canada. Sockeye salmon r e t u r n -  
i n g  through P o r t  Snettisham t o  the  Speel and Whit ing River  drainages are  
thought t o  spawn almost exc lus i ve l y  i n  Southeastern A1 aska waters (Speel and 
Crescent Lakes). 

A Canadian commercial g i l l n e t  f i s h e r y  on the  upper Taku R iver  has annua l ly  
harvested an average o f  12,562 sockeye salmon s ince i t s  i ncep t i on  i n  1979. 
The f i s h e r y  occurs upstream w i t h i n  20 k i lometers  of t h e  border between 
Alaska and B r i t i s h  Columbia, and harvests f i s h  bound f o r  spawning s i t e s  i n  
the  Taku R iver  and i t s  t r i b u t a r i e s .  

P o r t  Snettisham sockeye salmon stocks a re  extremely depressed r e l a t i v e  t o  
h i s t o r i c a l  l e v e l s .  An average o f  55,225 sockeye salmon was commercially 
harvested i n  P o r t  Snettisham between 1951 and 1954, i n  con t ras t  t o  an aver- 
age harvest  l e v e l  between 1975 and 1980 of on l y  4,649 f i s h .  The Alaska 
Department o f  F i sh  and Game (ADF&G) i d e n t i f i e d  the  r e b u i l d i n g  of these runs 
as a  management p r i o r i t y .  

A c r i t i c a l  and miss ing  aspect of the  sockeye salmon management program fo r  
the D i s t r i c t  111 f i s h e r y  has been the  i n a b i l i t y  t o  i d e n t i f y  the  o r i g i n s  o f  
f i s h  harvested. This  has t o  some degree prevented development o f  stock- 
s p e c i f i c  management and probably con t r i bu ted  t o  the  dec l i ne  i n  abundance 
o f  t h e  P o r t  Snettisham stocks. 

The feas i  b i  1  i ty o f  us ing  scale p a t t e r n  di f ferences t o  separate p r i n c i p a l  
Taku R iver  and P o r t  Snettisham stocks i n  the  D i s t r i c t  111 f i s h e r y  was i n -  
ves t i ga ted  f o r  the  1981 and 1982 re tu rns  (McGregor e t  a1 . 1983). Nearest 
neighbor ana lys i s  o f  sca le  pa t te rns  of age 1.3 sockeye salmon showed t h a t  
s i g n i f i c a n t  and l i k e l y  p e r s i s t e n t  d i f f e rences  i n  freshwater and e a r l y  marine 
growth pa t te rns  ex i s ted  between p r i n c i p a l  component stocks which c o n t r i b u t e  
t o  the  f i s h e r y .  The r e s u l t s  suggested t h a t  w h i l e  t he  a b i l i t y  t o  d i s t i n g u i s h  
a l l  i n d i v i d u a l  stocks does n o t  e x i s t  i n  some years us ing t h i s  technique, 
i d e n t i f i c a t i o n  t o  e i t h e r  the  Taku o r  Snettisham groupings should p e r s i s t  
each year.  

The purpose o f  t h i s  r e p o r t  i s  t o  p rov ide  est imates o f  t he  Taku and P o r t  
Snettisham c o n t r i b u t i o n s  o f  sockeye salmon t o  the  1983 D i s t r i c t  11 1  g i l l n e t  
f i s h e r y .  L inear  d i sc r im inan t  f u n c t i o n  ana lys is  o f  scale pa t te rns  f o r  f o u r  



Figure  1. Map of t h e  D i s t r i c t  111 g i l l n e t  f i s h i n g  area, w i t h  an i n s e t  o f  
Southeastern A1 as ka. 



Figure 2. Map o f  the  Taku, Speel, and Whiting River  drainages, w i t h  an i n s e t  o f  Southeastern Alaska. 



age classes o f  sockeye salmon was used t o  a l l o c a t e  the catch. By combining 
the  catch a1 l o c a t i o n  o f  the  D i s t r i c t  11 1 harvest  w i t h  escapement est imates 
fo r  the  Por t  Snettisham drainages, the t o t a l  r e t u r n  o f  Por t  Snettisham sock- 
eye salmon could be estimated fo r  1983. 

METHODS 

Numbers o f  F i sh  

Catch s t a t i s t i c s  f o r  t he  D i s t r i c t  111 f i s h e r y  were compiled by the  D i v i s i o n  
o f  Commercial F isher ies,  ADF&G, and o r i g i n a t e d  from i n d i v i d u a l  f i s h  t i c k e t s  
tabu la ted  as o f  7 June 1984. Harvest s t a t i s t i c s  f o r  the  Canadian i n - r i v e r  
f i s h e r y  were prov ided by the Canadian Department o f  F isher ies  and Oceans 
(Sandy Johnson, personal communication). D a i l y  escapement counts t o  Cres- 
cent  and Speel Lakes were made a t  weirs  a t  these loca t ions .  A v a r i e t y  of 
methods were used t o  index escapements t o  s p e c i f i c  spawning areas w i t h i n  
the  Taku R iver  system. The Canadian Department o f  F isher ies  and Oceans 
operated a w e i r  a t  L i t t l e  Trapper Lake. A e r i a l ,  boat, and f o o t  surveys per-  
formed by the  ADF&G provided i nd i ces  o f  escapement f o r  s p e c i f i c  spawning 
stocks w i t h i n  the Taku R iver  drainage. A mark-recapture study u t i l i z i n g  
f ishwheels and g i  11 nets was i n i t i a t e d  i n  1983 t o  develop methodology needed 
t o  ob ta in  accurate annual escapement est imates f o r  t he  Taku River .  Results 
of the  mark-recapture study a r e  no t  inc luded i n  t h i s  repo r t ,  b u t  can be 
found i n  Mesiar and Bernard ( i n  prep.).  

Age Composi ti on 

Examination o f  sca le  samples provided age i n fo rma t ion  f o r  catches and escape- 
ments. Some o t o l i t h s  were a l s o  c o l l e c t e d  from sockeye salmon carcasses on 
the  spawning grounds. I n  cases where r e s o r p t i o n  o f  t he  marine growth made 
d i s t i n g u i s h i n g  marine age d i f f i c u l t ,  l e n g t h  frequency histograms and o t o l  i t h s  
(when a v a i l a b l e )  were used t o  a s s i s t  i n  determining the  c o r r e c t  marine age. 
Scales were c o l l e c t e d  from the  l e f t  s i de  o f  the  f i s h  approximately two rows 
above t h e  l a t e r a l  l i n e  and on the diagonal row downward from the  p o s t e r i o r  
i n s e r t i o n  o f  the  dorsa l  f i n  (INPFC 1963). Scales were mounted on gummed 
cards and impressions were made i n  c e l l u l o s e  aceta te  ( C l u t t e r  and Whi t ese l  
1956). Ages were recorded i n  European1 nota t ion .  Sex determinat ion was made 
by examinati on o f  ex terna l  morphological fea tures  o r  gonads. De ta i l ed  sex 
data i s  n o t  presented i n  t h i s  repo r t ,  b u t  can be found i n  McGregor e t  a l .  
(1  984). 

European formula: Numerals preceding t h e  decimal r e f e r  t o  t he  number o f  
f reshwater  annu l i ,  numerals f o l l o w i n g  the  decimal a re  the number o f  marine 
annu l i .  To ta l  age i s  the sum o f  these numbers p l u s  one. 



Catch : 

The age compositions of both the Dis t r ic t  111 and Canadian in-river g i l lne t  
harvests were estimated. Samples from both f isheries  were col 1 ected each 
fishing period during the season. Samples from individual fishing periods 
were pooled when necessarl into sample periods to  allow the true proportion 
of each age class in the population to  be estimated to  w i t h i n  +/- 5%, nine 
times out of ten (Bernard 1982). 

Escapement: 

Scale samples were collected a t  Speel and Crescent Lake weirs throughout 
the season, and age cmposi t ions for the 1983 returns were estimated by 
weighting period age compositions by escapement during each sample period. 
Scale samples were taken in conjunction with the Taku River tagging program 
conducted a t  Canyon Island (Figure 2). Sockeye salmon were captured a t  
Canyon Island with g i l l  nets and fishwheels. I t  was not possible to  e s t i -  
mate the age composition of the 1983 escapement of sockeye salmon to  the 
Taku River drainage since the age composition of f ish sampled a t  Canyon 
Island varied considerably by the gear type used to  capture f i sh ,  and 
because both gear types were not fished continuously throughout the return. 
The age compositions of specific spawning stocks in the Taku River drainage 
were estimated from samples collected using a variety of methods including 
beach seining, carcass sampling, and spearing. 

Stock Identification 

Estimates of the contribution of Taku River and Port Snettisham sockeye 
salmon to the Distr ic t  11 1 commercial catch were made using l inear  discrim- 
inant function analysis of scale patterns and age composition. 

Scal e Measurements : 

Scale images were magnified to  100 power, projected onto a digit izing tab- 
l e t  using equipment similar to that  described by Ryan and Christie (1976), 
and measurements were made and recorded by a microcomputer-controlled digi- 
t izing system. Scale measurements were taken along a standardized axis 
approximately 20' off the primary axis and perpendicular to  the sculptured 
f ie ld .  The distance between each circulus in each of four scale zones was 
measured (Figure 3).  The zones were: (1 ) the scale focus to the l a s t  c i r -  
culus of the f i r s t  freshwater annulus, ( 2 )  the l a s t  circulus of the f i r s t  
freshwater annulus t o  the l a s t  circulus of the second freshwater annulus 
(ages 2.2 and 2.3 only), (3)  the l a s t  circulus of the l a s t  freshwater 
annulus to  the l a s t  circulus of freshwater growth (plus growth), and ( 4 )  
the l a s t  circulus of freshwater growth to the l a s t  circulus of the f i r s t  
ocean annul us. Forty-four scale characters (Table 1 ) were calculated from 
the basic incremental distances and circul i  counts. 

Analytical Procedures: 

Linear di scriminant function ( L D F )  analysis (Fisher 1936) of scale measure- 
ments was used to  allocate the 1983 Dis t r ic t  111 sockeye salmon g i l lne t  



Figure 3. Typical scales f o r  freshwater age 1 .  and 2 .  sockeye salmon showing the  zones used t o  measure 
sca 1 e p a t  terns. 



Table 1 .  Variables computed from scale  pattern measurements f o r  inclusion in the  l inear  
discriminant function analysis .  

................................................................................ 
Variable Name Descr i pt ion ................................................................................ 

~ ~ ( i l l  Number of circuli in zone (i). 

ID(i) Measured size of zone (i). 

FOUR (i) 

SIX ti)  

EIGHT (i) 

LMIN ti )  

LMFIX (i) 

NCH ti) 

Distance from the beginning of zone (i )  to the second 
circulus of zone (i). 

Distance from the beginning of zone ( i )  to the fourth 
circulus of zone (i). 

Distance from the beginning of zone ( i )  to the sixth 
circulus of zone (i). 

Distance from the beginning of zone t i )  to the eighth 
circulus of zone ti). 

The minimum distance between two contiguous circuli 
in zone (i). 

The maximum diotance between two contiguous circuli 
in zone ti). 

The distance from the beginning of zone ( i )  to the 
first circulus of variable MIN (i) in zone ti). 

The distance from the beginning of zone ( i )  to the 
first circulus of variable MQX ( i )  in zone (i). 

The number of circuli in the first half of zone (i). 

I Where i = 1,2,3,4. 



harvest. Nearest neighbor analysis ,  a nonparametric technique t ha t  requires 
no underlying assumptions of population parameters, was used t o  discriminate 
between stocks in the feas i  bi 1 i t y  study (McGre o r  e t  a1 . 1983) because many 
scale variables were not normally dis t r ibuted 9 viola t ing a basic assumption 
of L D F ) .  Only normally dis t r ibuted scale  variables were used i n  the  1983 
analysis  so the more computational l y  complex and cost ly  nearest neighbor 
analysis  was not used. Univariate normality of variables does not ensure 
normality in the mult ivariate case, b u t  the LDF has been shown t o  be robust 
t o  viola t ions  of t h i s  assumption (Krzanowski 1977). Age-specif i c  models 
were developed f o r  the 1.2, 1.3, 2.2, and 2.3 age c lasses .  Although age 
0.3 f i sh  comprised a s ignif icant  portion (6.4%) of the catch, inadequate 
numbers of scales  from t h i s  age c lass  were available from Port Snettisham 
systems t o  construct a model. 

Since the primary emphasis of t h i s  study was to  a l l oca t e  catches t o  e i t he r  
the Taku River or Port Snettisham, and previous analyses demonstrated the  
i nab i l i t y  of scale  pattern analysis  t o  separate Port Snettisham stocks 
from one another (McGregor e t  a l .  1983), Snettisham stocks were pooled 
and two - group LDF models were constructed. Scales from each of Crescent 
and Speel Lakes, chosen in  proportion t o  the r e l a t i ve  contribution of an 
age c lass  t o  the t o t a l  Port Snettisham escapements of t ha t  age c lass ,  were 
used to  c rea te  the Snettisham standards. Scales from f i sh  captured with 
fishwheels and g i l l  nets a t  Canyon Island were used to  develop the Taku 
standards. Scales were selected randomly f o r  measuring throughout the  en- 
t i r e  return and i n  approximate proportion t o  t h e i r  abundance by age c l a s s  
through time in the Canyon Island catches. This resulted in  more repre- 
senta t ive  Taku River standards than used i n  the f e a s i b i l i t y  study, in which 
only two ( L i t t l e  Trapper and Kuthai Lakes) of the many contributing Taku 
River stocks were represented. 

Measurements from 200 scales  were desired f o r  each standard fo r  an age c l a s s .  
Standards were b u i l t  with l e s s  than 200 scales  f o r  a l l  age c lasses  except 
age 1.3, however, because not enough scales  from the appropriate age c lass  
were available from one or both of the stock groupings. 

Stepwise l inear  discriminant function analysis  (Dixon and Brown 1979) was 
used to  develop the age-specific c lass i f i ca t ion  models. Variables were 
allowed t o  enter  the models unt i l  there  were no s ign i f ican t  increases i n  
c lass i f i ca t ion  accuracy due t o  the addition of the  l a s t  variable.  A nearly 
unbiased estimate of c lass i f i ca t ion  accuracy fo r  each LDF was determined 
using a jackknife procedure (Lachenbruch 1967). 

Scale pattern data from the D i s t r i c t  111 comercia l  catch were c lass i f i ed  
and stock composition estimates were made f o r  each age c lass .  Stock compo- 
s i  t ion estimates were then adjusted for  misclass i f icat ion e r ro r s  using the  
procedures of Cook and Lord (1978). The variance and 90% confidence in te r -  
vals f o r  these estimates were then computed using the procedures of Pella 
and Robertson (1 979). 

Contribution ra tes  were estimated f o r  age 1.3 f i sh  fo r  each of the  f i r s t  
e igh t  f ishing periods, w i t h  the remaining f ishing periods pooled i n to  one 
stratum f o r  t h i s  age c lass .  A c r i t e r i on  of approximately 100 scales  per 



age c lass  f r a n  f i s h  o f  unknown stock composition i n  the  comnercial catch 
were used t o  denote s t r a t a .  Because of t he  1 i m i  ted a v a i l a b i  1 i t y  of scales 
from the  remaining age classes i n  the  catch, samples were pooled over sam- 
p l  i n g  periods. Four c o n t r i b u t i o n  ra tes  were estimated throughout the 
season f o r  age 1.2 and 2.3 f i s h ,  and two f o r  age 2.2 f i s h .  F ish from the  
combined ' o t h e r '  age classes, which represented on ly  7.0% of t h e  catch, 
were a l l oca ted  t o  the Taku and Snettisham groupings by m u l t i p l y i n g  t h e  
number o f  f i s h  from t h i s  category i n  each f i s h i n g  per iod  by the  percent 
a l l o c a t i o n  of the t o t a l  catch o f  t he  o ther  four age classes per  per iod.  An 
approximate 90% confidence i n t e r v a l  f o r  the  season's t o t a l  a1 l o c a t i o n  was 
estimated (see Appendix C; O l i v e r  e t  a l .  1985). 

RESULTS 

Numbers o f  F ish 

The harvest  o f  31,627 sockeye salmon i n  the  D i s t r i c t  111 g i l l n e t  f i she ry  
was the lowest s ince 1968. F ishing began i n  the  t h i r d  week of June and 
cont inued through 24 September, a t o t a l  of 14 weeks (Table 2). S p e c i f i c  
t ime and area regu la to ry  measures a re  sumnarized i n  Table 2. Over 81% 
(25,763 f i s h )  of the catch was taken i n  Taku I n l e t  (111-32). S l i  h t l y  
over 15% (4,827 f i s h )  o f  the  catch was taken i n  Stephens Passage 7111-31). 
Catches i n  Por t  Snettisham ( 1  11 -33 and 11 1-34) accounted f o r  on l y  3% (1,037 
f i s h )  o f  the harvest. 

A v a r i e t y  of f i s h i n g  area c losures and f i s h i n g  t ime r e s t r i c t i o n s  were em- 
ployed i n  an e f f o r t  t o  minimize overharvest ing the  apparent poor re tu rns  t o  
t h e  Taku River  drainage. Taku I n l e t  was closed no r th  o f  a l i n e  from P t .  
Greely t o  Pt. Cooper from 3-30 Ju ly .  Taku I n l e t  was completely closed dur-  
i n g  the  week of 17-23 Ju l y .  Po r t  Snettisham was closed f r a n  10-30 J u l y  t o  
prevent a s h i f t  i n  f i s h i n g  e f f o r t  t o  the  expected poor r e t u r n  of Snettisham 
stocks (Mui r, personal comnuni c a t i  on). These r e s t r i c t i o n s  t o  a 1 arge degree 
were responsib le f o r  the  two peaks i n  the  D i s t r i c t  111 catches. An e a r l y  
peak i n  catches occurred dur ing  the  week o f  3-9 Ju l y ,  fo l lowed by a second 
peak du r ing  the  week of 24-30 Ju ly .  Catches of sockeye salmon dec l ined t o  
l ess  than 1,000 f i s h  per week fran 14 August through the  remainder of t h e  
f i s h i n g  season. 

The i n - r i v e r  Canadian f i she ry  began one week e a r l i e r  than the  D i s t r i c t  111 
f i she ry  (Table 3).  Two days o f  f i s h i n g  were al lowed f o r  each o f  the  f i r s t  
four weeks. F ish ing t ime was increased t o  f o u r  days per  week f o r  t he  re -  
mainder of the  season, which ended the  week o f  9-15 October. There were two 
peaks i n  the  i n - r i v e r  harvest ;  each occurred one week l a t e r  than correspond- 
i n g  peaks i n  the D i s t r i c t  111 catch. A t o t a l  o f  17,026 sockeye salmon were 
taken by the Canadian g i  l l n e t t e r s .  

The d a i l y  escapements of sockeye salmon t o  each of t h e  weired systems a r e  
d e t a i l e d  i n  McGregor e t  a l .  (1984). Nearly 30,000 sockeye salmon were 
est imated t o  have escaped t o  P o r t  Snettisham spawning systems. A t o t a l  of 
10,484 sockeye salmon was counted through the  Speel Lake weir ,  and 19,422 



Table 2. D i s t r i c t  111 f i shery  openings, e f fo r t ,  and harvest by week and subd i s t r i c t ,  1982. 

Subdistrict 

31 32 33 34 
Sta t i s t i ca l  

Week rates Hours Boats Catch Boats Catch Boats catch Boats Catch 7bnotal Catch 

2g2 7/16-16 24 47 2,111 - closed - - closed - 2,111 

303 7/17-23 48 20 889 - closed - - closed - - closed - 889 

312 7/24-30 % 14 1,945 29 4,558 - closed - - closed - 6,503 

Taku In l e t  closed north of the  l a t i t ude  of Jaw Point. 

Taku In l e t  closed north of a l i n e  from Point Cooper t o  Point Greely. 
3 Port Snettisham closed from Point Styleman t o  Point Amner. 

Taku In l e t  closed. Stephens Passage (111-31) open south o f  a l i n e  from Cove Point to Circle Point. 

Speel Arm closed north of a l i n e  from Prospect Point t o  Bogert Point. 



Table 3. Canadian commercial gillnet harvest of sockeye salmon 
from the Taku River, 1983. 

Statistical mP 
Wnk Dates P i s h d  Baa- Catch 



were estimated t o  have returned to Crescent ~ a k e l .  The run timing of re- 
turns t o  these two lakes was affected severely by water level and tempera- 
ture. Large freshets,  which raised water levels and lowered water temper- 
atures in the out let  streams of these lakes, were followed by large peaks 
in f i sh  passage past the weirs. Between 7 and 15 August approximately 69% 
and 64% of the returns passed through Speel and Crescent Lake weirs, res- 
pectively. A total  of 7,502 sockeye salmon was estimated t o  have escaped 
through the L i t t l e  Trapper Lake weir, located in the Taku River drainage2. 
Over 85% of the estimated return to L i t t l e  Trapper Lake passed the weir 
during the week of 4-10 August. Tagging results indicated an average migra- 
tion time for sockeye salmon from the Canyon Island tagging s i t e  to  L i t t l e  
Trapper Lake of approximately 30 days, although time required to  travel 
th i s  distance (170 km) decreased through the season (Mesiar and Bernard, 
in prep.). 

Indices of escapement to  other spawning s i t e s  in the Taku River drainage 
are  presented in Table 4. These indi ces do not consti tute estimates of 
escapement because the proportion of the escapement observed a t  each s i t e  
was unknown and varied between locations. The survey counts are reported 
here because they a re  of potential use in qual i ta t ive interannual compari- 
sons of individual spawning stock escapements. 

Age Composition 

Age composition data presented in th i s  report are summarized in more detail  
by McGregor e t  a1 . (1  984). 

Catch: 

Weekly age composition estimates for  the Dis t r ic t  11 1 harvest a re  summarized 
in Table 5. Five-year-old f ish were most common in the catch throughout the 
season. Age 1.3 f ish were the primary age class represented in the catch 
(68.8%), followed by age 2.3 (10.9%), age 1.2 (7.6%), age 0.3 (6.4%), and 
age 2.2 (5.7%). Other minor age classes comprised the remainder of the catch. 
The proportion of age 1.3 f ish in the catch decreased throughout the season. 
Conversely the incidence of O.+  and 2.+ freshwater f i sh  in the catch increased 
during the season. 

The Crescent Lake weir washed out on 24 August a f t e r  14,442 f i sh  had 
passed through the weir. An estimated 5,000 sockeye salmon escaped into 
the system a f t e r  the weir washed out. 

Small f i sh  passing through the weir were not counted until 7 August, 
a f t e r  which time the weir was covered with stucco wire to  eliminate a l l  
the holes. Escapements were estimated for  the period 4-6 August based 
on visual estimates of escaping f ish and subsequent intensive carcass 
counts. Counts a f t e r  6 August are  not estimates. 



Table 4. Ind ices of escapement f o r  s p e c i f i c  spawning l oca t i ons  i n  the 
Taku R iver  drainage. Abbreviat ions f o r  types of surveys a re  
as fo l lows:  ( A )  a e r i a l ,  ( B )  boat, (H)  he l i cop te r ,  and ( W )  
weir .  

Strcam Nuntier Stream Nama C m t  Method Date 

Ychring Creek 
Johnson Creek 
South Fork Slough 
Nakina River 
Kuthal Lake 
Little Tramr  Lake 
Tatsamenie Lake systan 
Little Tatsamenie [ake 
TatSammie River 
Nahlin River 



Table 5. Percent age composit ion o f  t he  D i s t r i c t  111 g i l l n e t  catch o f  sockeye salmon by sample per iod,  
1983. 

MUXX)YEARANDPC;ECLASS 

1980 1979 1978 1977 1976 
Stat i s t i ca l  Sample - 

Dates Week Size 0.2 0.3 1.2 2.1 0.4 1.3 2.2 1.4 2.3 2.4 3.3 



Age composi t ion est imates f o r  t h e  Canadian i n - r i v e r  harves t  a r e  summarized 
i n  Table 6. S u f f i c i e n t  samples were taken t o  d i v i d e  t h e  ha rves t  i n t o  t h r e e  
sample per iods  f o r  t h e  purpose of e s t i m a t i n g  t h e  age composit ion. Trends 
i n  t he  age composi t ion o f  t h e  ca tch  were s i m i l a r  t o  those observed i n  D is -  
t r i c t  111. Age 1.3 f i s h  predominated i n  t h e  ca tch  (64.9%), f o l l o w e d  by age 
1.2 (11.9%), age 0.3 (10.3%), age 2.2 (6.3%), and age 2.3 (6.0%). As seen 
i n  t h e  D i s t r i c t  111 harvest ,  the  p r o p o r t i o n  of age 1.3 f i s h  i n  t h e  ca tch  
decreased through t h e  season. Age 0.3 f i s h  increased f rom 2.1% of t h e  ca t ch  
i n  t h e  f i r s t  sample pe r i od  t o  15.0% i n  t h e  f i n a l  sample per iod .  A s i m i l a r  
inc rease  was noted d u r i n g  t h e  season f o r  age 2.2 f i s h ,  which represented 
o n l y  0.6% o f  t h e  ca tch  i n  t h e  i n i t i a l  p e r i o d  b u t  increased t o  12.7% of t he  
harves t  i n  t h e  f i n a l  per iod .  

Approximately equal p ropo r t i ons  o f  males and females were taken i n  b o t h  t h e  
D i s t r i c t  111 and Canadian i n - r i v e r  harves ts  (McGregor e t  a1 . 1984). 

Escapement: 

S i g n i f i c a n t  d i f f e r e n c e s  i n  age c m p o s i  t i o n  were apparent  bo th  w i t h i n  and 
between escapements t o  t h e  Taku R i v e r  and P o r t  Snett isham drainages (Tab le  
7 ) .  For P o r t  S n e t t i  sham systems, four-year-01 d sockeye salmon were predom- 
i n a t e  (62.3%) i n  t he  escapement t o  Crescent Lake, w h i l e  f i v e - y e a r - o l d  f i s h  
were most common (70.3%) i n  t h e  Speel Lake escapement. Four-year-o ld  f i s h  
were predominate i n  t h e  e a r l y  r e t u r n s  t o  Speel Lake, b u t  t h e  l a t e r  and l a r -  
ger  p o r t i o n  o f  t h e  escapement was comprised p r i m a r i l y  o f  f i v e - y e a r - o l d  f i s h  . 
Four-year-o ld  f i s h  were most common throughout  t h e  Crescent Lake r e t u r n .  
The age composi t ion o f  t h e  escapement o f  sockeye salmon t o  P o r t  Snett isham 
was de r i ved  by combining Speel and Crescent Lake age composit ions accord ing 
t o  t h e  r e l a t i v e  abundance o f  t h e  two escapements. Age 1.2 sockeye salmon 
predominated (49.0%) i n  t h e  escapement t o  P o r t  Snett isham, f o l l o w e d  by age 
1.3 (37.8%), age 2.3 (6.2%), and smal l  p ropo r t i ons  of s i x  o t h e r  age c lasses.  
Males represented 61.5% o f  t h e  escapement t o  P o r t  Snett isham p r i m a r i l y  due 
t o  t he  l a r 9 e  p r o p o r t i o n  o f  age 1.2 males i n  t he  Crescent Lake escapement 
(McGregor e t  a1 . 1984). 

It was n o t  p o s s i b l e  t o  es t imate  t he  age composi t ion o f  sockeye salmon escape- 
ment t o  t he  Taku R i ve r  dra inage.  The age composi t ion of  sockeye salmon a t  
Canyon I s l a n d  v a r i e d  cons iderab ly  by t h e  gear t y p e  used t o  cap tu re  t h e  f i s h .  
Smal ler  and younger f i s h  were taken by f ishwheels  than  by g i l l  nets ,  a1 though 
f i ve - yea r -o l d  f i s h  were predominate i n  both. S p e c i f i c  spawning areas i n  t he  
Taku R i v e r  d ra inage  e x h i b i t e d  an extreme d i v e r s i t y  i n  age composit ion. Four- 
yea r -o l d  f i s h  represented t h e  m a j o r i t y  o f  t h e  escapements t o  L i t t l e  Trapper 
Lake (50.9%) and South Fork Slough (48.6%), w h i l e  f i v e - y e a r - o l d  f i s h  were 
t h e  most common age i n  escapements t o  Kutha i  Lake (97.3%) and t h e  Tatsamenie 
Lake system (55.7%). Zero f reshwater  age sockeye salmon, which d i d  n o t  spend 
a w i n t e r  i n  f reshwater  a f t e r  emergence, were common i n  South Fork Slough 
(32.7%). Age 0 . t  sockeye salmon were common i n  t h e  escapement t o  t he  Tatsa- 
menie R i v e r  (20.6%), a s u r p r i s i n g  r e s u l t  s i nce  t h i s  s i t e  i s  l o c a t e d  over  190 
km upstream f rom Canyon I s l and .  Age O.+ f i s h  were n o t  found, however, i n  a 
smal l  sample o f  seventeen ageable sca les  taken from Tatsamenie Lake, o u t  of  
which t h e  Tatsemenie R i v e r  f l ows .  Sample s i zes  o f  escapements t o  t he  Nakina 
and S i l v e r  Salmon R ivers  were t oo  smal l  f o r  meaningful  age composi t ions t o  



Table 6. Percent age composition of the Canadian comnercial g i l lne t  catch of sockeye salmon on the Taku 
River by sample period, 1983. 

1980 1979 1978 1977 - 1976 
S t a t i s t i c a l  Sample 

Dates Week Size 0.2  0.3 1 .2  1.3 2.2 1.4 2.3 3.3 



Table 7. Percent age composi t ion of escapement c o l l e c t i o n s  f rom t h e  P o r t  Snett isham and Taku R i ve r  d r a i n -  
ages, 1983. 

1980 1979 1978 1 977 1976 
Sanple Sample 

Drainage system Period Size 0.2 1.1 0.3 1.2 2.1 1.3 2.2 1.4 2.3 3.2 3.3 

Snett isham 

Crescent Lake 1 607 1.6 57.8 28.2 2.8 0.7 8.9 
2 580 1.9 2.4 0.3 60.4 0.3 22.8 3.1 0.5 8.3 
3 497 2.8 2.4 0.4 62.6 19.7 3.6 8.5 

I 
A lbtal Drainage 2,4+l 1.9 2.0 0.3 49.0 O.Ot37.8 2.7 0.1 6.2 
u 
I Taku - 

Taku (Canyon Isl.) 1 677 0.1 1.6 11.8 77.3 0.9 8.3 
gill net 2 620 9.4 12.7 55.4 15.3 0.3 6.9 

(Canyon 1~1.1 
f ishuheel 

tittle Trapr Lake 639 0.9 50.9 29.0 0.9 18.3 
- - - - - - -- - - - - - - - - - - - 

South Pork Slough 245 4.9 1.2 27.8 20.8 44.1 0.4 0.8 

Ruthai Lake 486 1.7 96.5 0.8 1 .O 

Silver Salmon River 37 8.1 86.5 5.4 
- - - - -- 

Tatsamenie Lake 
- 

River 238 0.8 1.7 19.8 24.4 50.8 2.1 0.4 



be estimated, b u t  the presence of O . +  sockeye salmon in the Nakina River 
i s  notable. The sex composition of the Taku River escapements varied con- 
s i  derably by stock (McGregor e t  a1 . 1984). Males predominated in most 
spawning areas,  especially in those that  received high proportions of four- 
year-old returns. An estimated 70.6% and 57.1% of the escapements to  L i t t l e  
Trapper Lakes and South Fork Slough, respectively, were males. The sex 
rat ios  of f ish a t  Canyon Island varied by gear type used to  capture the 
f i sh .  The fishwheels caught younger and smaller f ish that  were predomi- 
nantly males (62.8%), while the g i l l  nets caught larger,  older, and mainly 
female (56.1%) sockeye salmon. 

Stock Identification 

Linear discriminant function analysis of scale patterns was used to  identify 
sockeye salmon from the Taku River and Port Snettisham drainages in the Dis- 
t r i c t  111 g i l lne t  harvest. 

Scale Measurements : 

Summary s t a t i s t i c s  for  the basic measurements of scale growth for  the 1.2, 
1.3, 2.2, and 2.3 age classes are presented in Table 8. Scale growth trends 
were similar for  a l l  four age classes. Taku River f ish typically exhibited 
much greater freshwater growth and less  growth in the i r  f i r s t  marine year 
than did Port Snettisham sockeye salmon. The var iab i l i ty  in scale patterns 
of the Taku River f ish was greater than in those from Snettisham stocks, as 
evidenced by the larger standard errors of the scale variables fo r  the Taku 
River f ish.  This trend in scale patterns i s  not surprising since Taku River 
spawning s i t e s  and rearing areas are much more diverse and numerous than 
those in the Port Snettisham drainages. 

Classification Accuracies : 

Classification accuracies of the four age class specific models were very 
high (Table 9) .  Mean classif icat ion accuracies for the age 1.2 and 1.3 
models were 90.1% and 90.5%, respectively. Even higher accuracies were 
obtained with the age 2.2 and 2.3 models, as would be expected because of 
the additional scale growth information available from the second year of 
freshwater growth to  separate the groups. These high accuracies a re  indi- 
cative of the fac t  that differences i n  scale growth patterns between the 
Taku River and Port Snettisham sockeye salmon stock assemblages a re  much 
greater than differences within each group. 

Age Class Specific Stock Composition Estimates : 

Age class specif ic  stock composition estimates were generated for  time per- 
iod s t r a t a  that  were as f ine  as possible (Table 10). Stock composition 
estimates general ly revealed much higher contribution rates  of Taku River 
f i sh  than of Port Snettisham f ish.  The age-specific stock composition e s t i -  
mates were expanded to  the catch for  each s t r a t a ,  and the catches were al lo-  
cated. 



Table 8. Group means (x) and standard errors of basic scale variables by age class (scale width measure- 
ments in 0.01's of inches a t  100 X ) .  

Scale 
we ~ a r  iablel 

ID1 
NCl 
ID2 
NC2 
ID3 
NC3 
ID4 
NC4 

Descriptions of these variables are listed in Table 1.  



Table 9. Class i f icat ion matrices fo r  the 1  inear discriminant models used 
t o  c l a s s i fy  age 1.2, 1.3,  2.2, and 2.3 sockeye salmon. 

Age 1.2 - 
Variables used (NCI,PaRU,~l,ID4,NCI) 

Classified Group of Origin 
ActualGrwp Sample 

of Origin Size Taku Sncttisham 

Taku 

SnettisheP 

Mean Percentage Correctly Classif id= 90.1% 

Age 1.3 
_I_ 

Var iablea wed ( I D 1  , ID4) 
Classified Group of Origin 

Actual Group Sample 
of Origin Size Taku Sncttisham 

Taku 

Snettisham 

Mean Percentage Correctly Classified = 90.5% 

Age 2.2 - 
Variables used (ID2 , I D l ,  ID4 ,NC4 ,MAX21 

Classified Group of Oriqin 

ActwlGroup Sample 
of Origin Size Taku Snettisham 

Taku 

Snettisham 

Mean Percentage Correctly Classified = 97.3% 

Age 2.3 - 
Variables used (ID2, XD4,KlrID1) 

Classified Group of Oriqin 

ActualGroup Sample 
of Origin Size Ta ku Snettisham 

Taku 

Snettisham 

Mean Percentage Correctly Classified = 94.9% 



Table 10. Age c lass spec i f i c  stock composition estimates and 90% confidence 
i n t e r v a l s  ca lcu la ted from scale pa t te rn  ana lys is  o f  age 1.2, 1.3, 
2.2, and 2.3 sockeye salmon i n  the D i s t r i c t  111 comnercial g i l l -  
ne t  f i s h e r y  by period, 1983. 

Stat is t icdl  
Age Class Dates Size Week Taku 



Catch Apportionment 

Approximately three-quarters (75.5%) of the  1983 harvest  of sockeye salmon 
i n  D i s t r i c t  111 was a l l oca ted  t o  the  Taku River  (Table 11). The weekly 
catches f o r  each run  a r e  shown i n  F igure  4. The abundance of Por t  S n e t t i -  
sham stocks i n  the  catch was low u n t i l  mid-July, a f t e r  which t ime they 
became a more important  segment o f  the  catch. Almost 34% of the  10-16 
J u l y  ca tch  were Snettisham f i s h .  Taku I n l e t  was closed the  next week, 17- 
23 July ,  and Snettisham stocks represented a much h igher  p ropo r t i on  (47.3%) 
of the  catch than i n  t he  previous week, al though the  t o t a l  catch was 
extremely small ( on l y  889 f i s h ) .  Taku I n l e t  was reopened the  fo l l ow ing  
week and f i s h i n g  e f f o r t  s h i f t e d  no r th  t o  the  I n l e t .  The l a r g e s t  weekly 
catch of the  season was made dur ing  week 31 and the catch was comprised 
p r i m a r i l y  of Taku R iver  f i s h  (83.6%). Por t ions o f  P o r t  Snettisham were 
reopened the  week of 31 J u l y  - 6 August, and a much h igher  p ropo r t i on  of 
t he  catch (46.6%) was a1 loca ted t o  Snettisham. T h i r t y - f i v e  percent  of  the  
Snettisham bound f i s h  caught i n  1983 i n  D i s t r i c t  111 were taken du r ing  t h i s  
week ( s t a t i s t i c a l  week 32). Small catches f o r  the remainder o f  t h e  season 
were apport ioned roughly three-quarters t o  the  Taku River  and one-quarter 
t o  Snettisham stocks. 

Run Reconstruct ion 

Tota l  r e t u r n  est imates f o r  1983 were generated f o r  P o r t  Snett.isham sockeye 
salmon stocks (Table 12). The t o t a l  est imated r e t u r n  o f  P o r t  Snettisham 
stocks was 37,641 f i s h ,  o f  which an est imated 7,735 f i s h  (20.6%) were har-  
vested i n  t he  D i s t r i c t  111 g i l l n e t  f i s h e r y .  E x p l o i t a t i o n  r a t e s  of P o r t  
Snettisham stocks va r ied  tremendously by age class, ranging from 33.8% fo r  
the  age 1.3 age c lass  t o  o n l y  4.1% f o r  t he  age 1.2 age c lass.  Age 2.2 and 
2.3 f i s h  were e x p l o i t e d  a t  r a t e s  o f  23.0% and 21.3%. 

DISCUSSION 

L inear  d i sc r im inan t  funct ion ana lys is  of scale pat terns,  i n  combination 
w i t h  age composit ion data, was used t o  a l l o c a t e  the  D i s t r i c t  111 harvest  
of sockeye salmon i n t o  Taku R iver  and Por t  Snettisham stock groupings. 
Accuracies o f  t he  four  age-speci f i  c  c l a s s i f i c a t i o n  models were a1 1 over 
90%. These h igh  accuracies were p r i m a r i l y  responsib le f o r  the  narrow con- 
f idence i n t e r v a l s  o f  the catch a l l o c a t i o n .  

The D i  s t r i c t  11 1 f i s h e r y  p r i m a r i l y  harvested sockeye salmon dest ined f o r  
the  Taku R iver  drainage i n  1983. Snettisham stocks were m ig ra t i ng  through 
the  D i s t r i c t  111 f i she ry  from e a r l y  J u l y  throughout the  remainder of t he  
season. Peak escapement counts a t  Crescent and Speel Lakes i n  e a r l y  t o  mid- 
August, together  w i t h  reduced representa t ion  of Snettisham stocks i n  catches 
a f t e r  the  f i r s t  week o f  August, i n d i c a t e  t h a t  t h e  m a j o r i t y  of Snettisham 
f i s h  re turned through D i s t r i c t  111 between the  f i r s t  o f  J u l y  and the f i r s t  
week o f  August. 

An undetermined number o f  f i s h  bound f o r  both the  Taku River  and P o r t  
Snettisham systems were i n te rcep ted  i n  purse seine f i s h e r i e s  i n  D i s t r i c t s  



Table 11. ~stimated contribution of sockeye salmon originating from the Taku River and Port Snettisham 
drainages to the District 1 1 1  gillnet fishery, 1983. 

Catch By Plge Class 'Ibtal 
S t a t i s t i c a l  

Dates Week Group 1.2 1.3 2.2 2.3 Other Eluabecs R e r m t  

6/19-25 26 Taku 51 2204 4 59 40 2358 99.6 
S t s e t t i h  4 0 1 6 0 11 0.4 
'Ibtal 55 2204 5 6 5 40 236 9 

6/26-7/2 27 Taku 306 2071 29 427 104 2937 84.2 
S n e t t i s b  27 454 7 42 20 550 15.8 
Total 333 2525 36 469 124 3487 

7/3-9 28 Taku 438 3066 53 946 226 47 29 81.9 
Snettisham 3 8 850 13 94 50 1045 18.1 
'Yak31 476 3 916 66 1040 276 5774 

7/10-16 29 Taku 103 924 41 226 106 1100 66.3 
shettisharn 135 425 10 87 54 711 33.7 

I Total 238 1349 51 313 160 2111 
IV 
W 
I 7/17-23 30 Taku 40 299 27 85 17 468 52.7 

Snett  ishan 52 314 6 33 16 421 47.3 
Total 92 613 33 11 8 33 889 

7/24-30 31 Taku 27 2 3894 346 389 533 5434 83.6 
S e t t i s h a m  144 650 82 89 10 4 106 9 16.4 
'Ibtal 416 4544 428 478 637 6503 

7/31-8/6 32 Taku 297 16 43 476 41 2 267 3095 53.4 
Snet t i  sham 157 2108 113 94 233 2705 46.6 
Total 454 37 5 l  589 506 500 5806 

sJ7-8/U 33 Taku 13 5 907 287 16 8 153 16 50 71.9 
Set t i sham 32 522 6 26 60 646 28.1 
Total 167 1429 293 194 213 22% 

v14-9/24 34-39 lhku 149 971 299 221 181 1821 75.9 
SnettishmP 36 444 6 34 57 577 24.1 
lWhl 185 1415 305 255 23 8 23 98 

'lbtal Taku 17 91 15979 1562 2933 16 27 23892 75.5 
Snettishaa 625 5767 244 505 594 7735f886 24.5 
-1 2416 21746 1806 3438 2221 31627 

90% confidence interval. 



CATCH BY STOCK 

Figure  4. Harvest i n  numbers of f i s h  by stock i n  the  Distr ic t  111 g i l l n e t  f i s h e r y ,  1983. 



Table 12 .  Run reconstruction statist ics for the 1983 Port Snettisham sockeye salmon return. 

Age Class 

1 .2 1.3 2.2 2.3 Other Total 

Harvest 625 5,767 244 50 5 594 7,735 

Escapement 14,646 11,289 81 9 1,867 1,255 29,906 

lbtal Return 15,271 17,056 1,063 2,372 1,849 37,641 



109, 110, 112, and 114. These f i s h e r i e s  t a r g e t  p r i m a r i l y  on p i n k  and chum 
salmon, b u t  sockeye salmon a r e  caught i n c i d e n t a l l y .  A t o t a l  o f  30,201 
sockeye salmon were taken i n  these f i s h e r i e s  i n  1983. Age composi t ion 
da ta  f o r  these f i s h e r i e s  suggest t h a t  Taku R i ve r  f i s h  cou ld  have c o n t r i -  
buted s i g n i f i c a n t  numbers t o  the  catches (McGregor e t  a1 . 1984).  Age O.+ 
sockeye salmon, documented t o  occur i n  apprec iab le  p ropo r t i ons  i n  South- 
eastern Alaska escapements (exc lud ing  Yaku ta t )  o n l y  i n  t he  Taku R i ve r  d r a i n -  
age and t he  mainstem C h i l k a t  River ,  were p resen t  i n  catches from a l l  fou r  
d i s t r i c t s  and represented s i g n i f i c a n t  p ropo r t i ons  o f  the  catches i n  D is -  
t r i c t  112 (9.2%) and D i s t r i c t  114 (8 .9%).  P o r t  Snett isham sockeye salmon 
l i k e l y  u t i l i z e  s i m i l a r  m i g r a t i o n  rou tes  as Taku R i v e r  f i s h  and a r e  prob- 
a b l y  i n t e r c e p t e d  t o  some degree i n  these f i s h e r i e s  as w e l l .  No e f f o r t  has 
been expended t o  a l l o c a t e  t h e  purse se ine  harves ts  f rom these d i s t r i c t s  t o  
dra inage o f  o r i g i n  f o r  severa l  reasons: ( 1  ) t he  extreme mixed s tock  na tu re  
of  t h e  sockeye salmon catches compl icates accura te  s tock  a l l o c a t i o n  of  t he  
catches and, ( 2 )  catches i n  r e c e n t  years i n  these f i s h e r i e s  have been smal I .  
The t o t a l  r e t u r n  es t ima te  generated i n  t h i s  r e p o r t  f o r  P o r t  Snett isham does 
n o t  account f o r  t h e  poss ib l e  i n t e r c e p t i o n  o f  f i s h  bound f o r  D i s t r i c t  111 i n  
these f i s h e r i e s .  

A  c r i t i c a l  and p r e v i o u s l y  m iss ing  aspect  o f  t he  sockeye salmon management 
program f o r  t h e  D i s t r i c t  111 g i  l l n e t  f i s h e r y  has been t he  a b i l i t y  t o  iden-  
t i f y  t h e  o r i g i n s  of harvested f i s h .  Scale p a t t e r n  a n a l y s i s  has proven 
capable of  s o l v i n g  t h e  apport ionment problem and, toge ther  w i t h  escapement 
enumeration programs, a  base o f  t o t a l  r e t u r n  da ta  i s  now be ing  developed. 
Cont inua t ion  o f  t h i s  da ta  base i n  f u t u r e  years  w i l l  p rov ide  f i s h e r y  managers 
w i t h  t h e  means t o  f o r e c a s t  r u n  s i z e  and manage t h e  s tocks f o r  op t ima l  escape- 
men t. 

Sound management o f  t h e  m u l t i - s t o c k  Taku R i v e r  sockeye salmon r u n  r e q u i r e s  
g rea te r  knowledge o f  t he  age composit ion, harves t  r a tes ,  and t i m i n g  o f  t h e  
s p e c i f i c  component s tocks.  Escapement es t ima t i on  and s t o c k - s p e c i f i c  t i m i n g  
da ta  i s  be ing  generated by t h e  ongoing tagg ing  programs on the  Taku R iver .  
The l a r g e  amount o f  v a r i a b i l i t y  i n  Taku R i v e r  sca le  growth p a t t e r n s  suggests 
t h a t  f u t u r e  work a t  appo r t i on ing  bo th  t h e  Canyon I s l a n d  f ishwheel  and Cana- 
d i a n  i n - r i v e r  catches t o  i n d i v i d u a l  s tock  o f  o r i g i n  us ing  s c a l e  p a t t e r n  
ana l ys i s  m igh t  be successfu l .  Concerted e f f o r t  should be expended t o  c o l -  
l e c t  sca le  da ta  f rom a l l  t h e  ma jo r  component s tocks o f  t he  Taku R i ve r  run. 
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